The effect of continuously infused lysine and methionine with glucose on nitrogen retention in young wethers (average liveweight 31.3 kg) fed diets with different protein degradation in the rumen in two 4x4 Latin squares design was investigated. The wethers of a particular Latin square were fed at a level of 1.2-times their maintenance energy requirement either with a diet based on ground barley and urea (B+U), with high degradable intake protein (HDIP) or a diet based on cracked maize and maize gluten meal (M+MGM), with high undegradable intake protein (HU1P). The wethers of each Latin square were continuously infused (jugular) with control solution (Control), or with L-lysine (Lys), DL-methionine (Met) or their combination (Lys+Met). Infusion rates for the above mentioned amino acids were 3.0, 1.5 and 3.0 g+1.5 g lamb" 1 day 1 , respectively, estimated to be about 50% of maintenance. Glycine was added to the infusion solutions to equalise the total N infused. Glucose (12 g kg BW 0 75 d"') was also supplemented in the infusion solution to minimise endogenous gluconeogenesis.
INTRODUCTION
Lysine and methionine are most likely to be the first limiting amino acids for intensively growing and/or milk and wool producing ruminants (Storm and 0rskov, 1984; Fraser, 1988; Schwab et al., 1992) . Cows fed these amino acids in the protected form or infused postruminally respond with increasing milk protein content (Piepenbrink et al., 1996; Pisulewski et al., 1996) . Some investigations also show a positive increase in milk yield (Choung and Chamberlain, 1992; Robinson et al., 1995) . A supply of intestinally available lysine and methionine can also improve N-balance and performance of growing sheep and cattle (Loerch and Oke, 1984; Urbaniak, 1984; Oke et al., 1986; Schmidt and Nguyen-Thanh, 1989) .
It has been indicated that lysine is the limiting amino acid for intensive growth in lambs and methionine for wool production in adult sheep (Dvalishvili, 1995) . How these amino acids limit protein synthesis in tissues of these animals depends also on the diet and directly upon the proportion of microbial protein (MP) and protein undegraded in the rumen. Storm and 0rskov (1984) showed that for growing sheep methionine is the first limiting amino acid if MP is the only protein source. When the diet contains a high proportion of rumen undegradable intake protein (UIP), its amino acid composition can have a great influence on total diet utilisation (Varvikko, 1986) .
The aim of this experiment was to determine the effect of continuous lysine and methionine intravenous infusion in growing sheep fed diets containing protein of different degradability in the rumen. The intravenous infusion was chosen to avoid uncertainty over the absorbability of the supplementary amino acids (Choung and Chamberlain, 1995) . Infusion of these amino acids was accompanied with glucose. According to Judson and Leng (1973) , exogenous glucose diminishes endogenous gluconeogenesis from amino acids in ruminants and decreases urinary-N excretion by up to 50 to 60% (Matras and Preston, 1989) , thus improving N balance. Under these conditions, it was expected that the infused amino acids would be utilised entirely for protein synthesis.
MATERIAL AND METHODS
Two experimental groups, 6 animals each of Rambouillet type wether lambs (31.3 kg), were placed in metabolism stalls after a two-week adjustment period. Each group was fed a different diet (Table 1 ). The diets were isoenergetic and isonitrogenous but differed in protein degradability in the rumen. One group was fed the diet based on barley and urea (B+U), containing high degradable intake protein (HDIP) and the second group received the diet containing maize and maize gluten meal (M+MGM), with high undegradable intake protein (HUIP).
After a 4-day adjustment period in metabolism stalls, during which the lambs were continuously infused with 750 ml d" 1 of sterile saline, 4 of the most docile wethers from each of two groups fed different diets were chosen and used in the two separate 4x4 extra period Latin square design trials. This experimental design allows an estimate of direct and residual effects of treatment (Lucas, 1957) . There were 4 treatments within each Latin square: Control treatment and treatments either with L-lysine (Lys), DL-methionine (Met) or combined L-lysine + DL-methionine (Lys+Met) intravenous infusion ( Table 2 ). The amounts of infused lysine (3 g d"
1
) and/or methionine (1.5 g d"
) were equal to about half of their daily requirement for maintenance (Asplund, 1986) . Glycine was infused to give isonitrogenous infusion solutions for all treatments. The amino acids were infused in saline solution (0.9 %NaCl). The solution also contained glucose, given in an amount of 160 g head" 1 day 1 , or about 12 g day" 1 kg BW 0 75 . Glucose infused at this rate in our previous experiment (Matras and Preston, 1989 ) maximally diminished urinary-N excretion and improved N balance. The saline-glucose solutions were sterilised in an autoclave and the amino acids were added just before infusion. The catheters were inserted into the jugular vein according to the method of Matras and Preston (1989) . The solution was infused at the rate of 750 ml per day. Each infusion period lasted six days. Faeces and urine were collected during the last five days of each six-day infusion period to determine dry matter (DM), organic matter (OM) and nitrogen (N) digestibility coefficients, N and allantoin excreted in urine and N balance. Allantoin was determined according to Young and Conway (1942) .
Each Latin square was statistically analysed separately (Lucas, 1957) . 
RESULTS
All results and statistical comparisons are the direct effect of treatments, since there were no significant residual effects (P>0.20). The average daily DM intake by the lambs in the B+U and M+MGM Latin squares was 616 and 629 g, respectively. The energy consumed was about 1.2 times their maintenance energy requirement. Taking into account the energy contained in the infused glucose (160 g glucose headed 1 ), the total intake of energy was about 1.65 times their maintenance. The average daily total N intake (N in the diet + N in the infused amino acids) was 12.7 and 13.5 g, respectively, and there were no differences in N intake among treatments within both Latin squares (Table 5 ). The amount of N in the infused amino acids was the same in all treatments (0.7 g d" 1
). The average OM digestibility coefficients of B+U and M+MGM diets were 73.6 and 78.4%, respectively, and digestibility coefficients of crude protein were 60.2 and 63.5%, respectively (Table 3 ) and they were not affected by the treatments. Urinary-N expressed as a percentage of the total N intake (diet N + infused N) is presented in Table 4 . The portion of N excreted in urine was similar in the control treatments for both Latin squares (43%). In both trials lysine and methionine infusion decreased urinary-N excretion considerably compared with the control. The results, however, were somewhat different between B+U and M+MGM diets. For the B+U diet a statistically significant (PO.05) difference in comparison with the control treatment was noted only for the Lys+Met infusion, whereas for the M+MGM diet a significant (PO.01) difference was noted both for the Lys+Met treatment and for the treatments, where these amino acids were infused individually.
Lysine and methionine infused both individually and in combination considerably increased N balance (Table 5) 30, 34 and 36%, respectively. The results, however, were not the same for B+U and M+MGM diets. In the M+MGM one, lysine and methionine infused individually and in combination improved N retention (P<0.05) to a similar extent (40 to 45%). In contrast, the improvement in N retention for Lys, Met and Lys+Met infusions in the B+U diet was 13, 20 and 29%, respectively and was not statistically significant. Similar tendencies were observed when N balance was expressed as a per cent of N intake and as a per cent of N digested. The lambs on the B+U and M+MGM diets excreted 420 and 255 mg allantoin per day in the urine, respectively. The infusion treatments did not influence allantoin excretion. Latin square I, 12.8 g N day" 1 Latin square II) + 0.7 g N in amino acids intravenous infusion ab -P<0.05 AB -P<0.01
DISCUSSION
The applied investigations with lysine and methionine given in the protected form to the ruminant diets in many cases revealed a positive influence on N balance and production (Loerch and Oke, 1984; Potkahski et al., 1985; Oke et al., 1986) . Some studies, however, did not show any response (Wylie et al., 1986; Wright and Loerch, 1988) . The proportion of DIP and UIP in the diet as well as the amino acid profile of the UIP had a major influence on the effectiveness of these amino acids (Rock et al., 1982; Varvikko, 1986) . In this study, to avoid the digestive tract, lysine and methionine were given to wether lambs by continuous intravenous infusion. The infusion of amino acids was accompanied with glucose, which according to Judson and Leng (1977) and Matras and Preston (1988) , would decrease the utilisation of amino acids for gluconeogenesis and/or oxidation processes and thus increase their availability for body protein synthesis.
Allantoin excretion in the urine is useful as an indicator of rumen microbial protein synthesis (Antoniewicz, 1988; Lindberg et al., 1989) . According to Antoniewicz (1988) , from 1 g of digested N of microbial origin, 50 mg N is excreted as urine allantoin. Assuming that microbial protein digestibility is about 85% (Lindberg et al., 1989) , the contribution of microbial N entering the intestine is calculated to be 82% of N flow to the duodenum for the B+U diet and only 48% for the M+MGM diet. These values correspond fairly well with the values 80 and 44% DIP, respectively, when calculated from tables by Preston (1987) .
The results of Richardson and Hatfield (1978) revealed that when the microbial protein was almost the only source of protein supply, methionine and lysine had the biggest positive impact on N retention in beef cattle. Our experiment was made with growing sheep, whose methionine allowance is presumably higher in comparison with young beef cattle because of a greater need for this amino acid for wool protein synthesis. This allowance is much higher than the methionine content in microbial or maize bypass protein and especially in maize gluten meal bypass protein. When the lambs were fed the diet containing high DIP (B+U diet), a fairly high (+20%) increase in N retention was noted when the lambs were infused with methionine. Lysine infusion had a somewhat smaller impact (+13%). Combining both of these amino acids elevated N retention by 29%.
The bypass methionine content in the protein of cracked maize and maize gluten meal is somewhat lower in comparison with MP, whereas the level of lysine in both of these feeds is very low. According to Ludden (1995) , protein of maize grain and maize gluten meal contains only about 59 and 20% of lysine, respectively, in comparison with its level in microbial protein. The high need of growing sheep for methionine, which was accompanied by a very low lysine content in the diet based on maize grain and maize gluten meal, caused the significant (P<0.05) impact of infusion of these two amino acids on nitrogen utilisation, improving N balance by 40%.
CONCLUSIONS
Lysine and methionine infused intravenously with glucose to growing sheep considerably improved their N balance. The effect, however, depended on the diet. When the animals were fed a ground barley and urea diet (high DIP) in which the calculated contribution of microbial protein entering the small intestine was about 80%), N balance increased by 13, 20 and 29%, respectively, when lysine, methionine or lysine + methionine were infused. When the lambs received a diet based on maize grain and maize gluten meal (high UIP), containing protein which is about 55% undegradable in the rumen and contains a low level of both these amino acids, especially lysine, the influence of infusing these amino acids on N balance in lambs was larger, reaching 40%.
